and 'Science and Technology in the Turkish and Islamic World ' (1994) . The latter commemorated the six-hundredth birthday of the Timurid astronomer Ulugh Beg, founder of the Samarkand observatory. The published papers are mostly in English with a few in French. Two dozen authors, including some of the most eminent scholars in the field as well as younger students, provide a broad spectrum of studies of significant interest.
Individual chapters address topics from throughout the Muslim world past and present. Understandably there is a marked focus on the Turkic Empires of the Timurids and the Ottomans, but chapters also address medieval Andalusian geography (Mercè Comes), contemporary relations between Islam and scientific knowledge in general (Ghulam M. Haniff) and 'the reception of Darwinism in some Islamic countries' (A. H. Helmy Mohammad). The inevitable eclecticism of this joint proceedings volume thus offers glances into various workshops of historical study which are shaping our current view of the complex relationship between Islamic civilizations and scientific practice over many centuries.
Section headings 'Institutions ', 'Astronomy ', 'Mathematics ', 'Engineering technology ', 'Cartography' and 'Medical sciences ' organize the volume, although this can cause confusion. Much of pre-modern cartography was based on astronomical calculations, as David King's 'Islamic world-maps centred on Mecca ' demonstrates in a fascinating study on recently found Iranian instruments, or as Mercè Comes's chapter on ' Islamic geographical coordinates ' shows in the case of Muslim Spain. Notorious thanks to Charles Hapgood's and Erich von Däniken's speculations about pre-glacial or extraterrestrial rather than Columbian sources for his world-maps, Pīrī Reis features prominently in Dogan Uçar's balanced presentation of 'Turkish cartography in the 16th century '. This topic received fresh attention in the eve of the Columbus anniversary in 1992.
Under the heading of 'Astronomy ', Edward S. Kennedy emphasizes the mathematical aspects of 'The heritage of Ulugh Beg ' and of the latter's collaborator al-Kashi -elaborated in the mathematical section by Ashraf Ahmedov and Boris A. Rosenfeld. Roshdi Rashed offers a more general 'Histoire de l 'analyse combinatoire ', and Ahmed Salim Saidan analyses two treatises by ' Al-Biruni on trigonometry ' in work partly based on the MSc thesis by an acknowledged but anonymous student of the author. A. Gö ksel Ag argü n presents the early fourteenth-century work of Kamal al-Din al-Farisi as 'perhaps the most important step towards the Fundamental Theorem of Arithmetic among mathematicians writing before Gauss ' (p. 185), while Moustafa Mawaldi studies al-Farisi's ' méthode de l'analyse et de la synthèse '.
In addition to projects concerning classical scientific texts, the ' Transfer of modern science and technology to the Muslim world' was the topic of a previous IRCICA symposium, the proceedings of which were edited by İhsanog lu (Istanbul, 1992) . In the present volume, this theme pervades a number of contributions to different sections, from aspects of science teaching in late Ottoman (Nesimi Yazıcı) and early republican Turkish institutions (Sevtap İshakog lu-Kadıog lu) to engineering projects like the Constanta Railway (Ali Akyıldız), Frédric Hitzèl's short biography of the eighteenth-century French Piedmont-born Ottoman court engineer François Kauffer, French-style 'Disinfecting stations in Ottoman Empire ' (Nuran Yıldırım) and early nineteenth-century 'médecine occidentale en Turquie et en Egypte ' (Serge Jagailloux).
In contrast, the complementary perspective of autochthonous scientific developments within Islamic civilizations in the modern period is far less pronounced in current scholarship. In this volume, Irfan Habib presents an example from Delhi, where around 1900, in response to rather than independently from Western intrusion, Hakim Ajmal Khan fought a 'Crusade for indigenous medicine systems ', and T. S. Yuldashbaev claims Ulugh Beg's heritage in 'Modern astronomy in Uzbekistan '.
Insufficient knowledge of the setting of scientific practice in Islamic civilizations makes it particularly difficult to describe these activities in terms other than those derived from Western studies as Gerd Schubring shows in his attempt to apply insights from classical studies by Adıvar, Makdisi and Sabra on madrasas and histories of Western colleges and universities to the transformations of educational institutions under the influence of the Ottoman state. M. Hulusi Lekesiz postulates an Ottoman scientific mentality whose formation, development and decline is presented on the basis of a quantitative analysis of teaching bodies and textbooks.
This volume shows the widening perspective on science in Islamic civilizations ; it brings together indispensable groundwork on classical scientific texts -which is still far from completion -and new approaches to different types of source for institutional and social historiography of scientific activities including the transmission of knowledge between the generations and between regions.
RAINER BRÖ MER University of Aberdeen PETER MILLARD (ed.), Notes of Me: The Autobiography of Roger North. Toronto, Buffalo and London : University of Toronto Press, 2000. Pp. xix+353. ISBN 0-8020-4471-9. £42.00, $65.00 (hardback). DOI : 10.1017/S0007087402224887
Historians of seventeenth-century England have long been familiar with The Autobiography of Roger North, for it was edited by the cleric, schoolmaster and antiquarian Augustus Jessopp in the 1880s and reprinted as part of the widely disseminated three-volume Bohn's Standard Library edition of the Lives of the Norths in 1890. The work has, however, never become a central source in the history of early modern ideas or society, largely, one suspects, because of the fascinating but overwhelming miscellany of its contents. A quintessential virtuoso, who as a non-juror withdrew from a distinguished legal career after the Glorious Revolution, North published on agriculture, accountancy and fish ponds, not to mention writing contemporary history, composing lives of his family and editing some of his brother Dudley's writings on the coinage and trade. Yet his interests were wider still, encompassing optics, mathematics and surveying. In 1981 Howard Colvin and John Newman edited his unpublished writings on architecture ; his manuscript treatises are important sources for the history of seventeenth-and early eighteenthcentury music and several have received modern editions. His reflections illuminate the diversity of seventeenth-century intellectual life but also challenge the subject-defined pigeonholes of the twenty-first century.
Jessopp's edition of The Autobiography was far from perfect, for it contained a significant number of mistranscriptions and omitted many passages. In preparing this careful annotated edition of the complete manuscript, Peter Millard has thus done a valuable service to scholarship. Among the passages excised by Jessopp and restored by Millard which will particularly interest historians of science and medicine are North's account of reading Descartes's On Method in Cambridge in the late 1660s and of his experiments in optics, some of his discussion of his mathematical interests, details of his regimen and his retelling of a revealing story of how Lord Chief Justice Rainsford dealt with Sir James Long when the latter prosecuted an alleged witch in Restoration Wiltshire. The volume should be ordered for the library of all universities where there is an interest in the history of seventeenth-century English science, music, medicine or society, for it will be of enduring value.
It will, however, probably require excerpting or careful guidance if it is to be used in undergraduate teaching. North's own description of the manuscript as Notes of Me catches the episodic and digressive structure of the text far better than any characterization of it as an autobiography. As Millard interestingly suggests in his introduction, North may well have seen the retelling of passages of an individual's life as 'part of the natural history of mankind'. This intellectual context certainly helps to explain the text's dramatic twists and turns, such as the passage which moves from a description of his mother's methods of child-rearing and discipline to a discussion of the role of experience in perception and then seamlessly on (in another long passage omitted by Jessopp) to reflections about how and when the human foetus comes to an awareness of its own existence (pp. 81-4).
Furthermore, the seventy pages of annotation is not always as useful as it might have been. Millard very usefully highlights other North manuscripts which parallel passages in Notes, but there is also a surfeit of North family detail, as when we are told that Roger and Dudley North ' became firm and happy friends, and he is portrayed in the biography as full of cheery vigour, breezily scornful of those trying to entrap him ' (p. 265 n. 80). This space would surely have been better spent explicating passages such as that on foetal consciousness or in identifying references such as the engraved Exclusion Crisis satires which North describes (p. 213). Yet despite these quibbles, this contribution to what the editor at one point revealingly describes as ' North studies ' will be read with interest and used with gratitude by many historians of the seventeenth and eighteenth centuries.
MARK JENNER University of York The field of medical geography has commanded increasing attention from historians of science and medicine alike. As conceived by the pioneers of medical historiography during the 1930s and 1940s (Erwin Ackerknecht, Fielding H. Garrison, George Rosen and Henry Sigerist), medical geography ideally connected medical history with current clinical practice because it emphasized the holistic interactions between human populations and their physical and social milieux. Since the 1970s, however, the field emerged as a distinct disciplinary specialization within geography proper, concentrating upon specific relationships involving space, disease, medical services and nutrition. Not surprisingly, given the intense correlation between locality and corporeality in geographical medicine, its historical antecedents, particularly those dating from the late Enlightenment, have provided a lens through which recent historians have scrutinized connections between colonialism, racism and spatial configurations in medical practice. The excellent volumes by David Arnold (ed.), Warm Climates and Western Medicine : The Emergence of Tropical Medicine (Amsterdam and Atlanta, GA, 1996) and Richard Wrigley and George Revills (eds.), Pathologies of Travel (Amsterdam and Atlanta, GA, 2000) exemplify this point. In this literature on imperialism, travel and disease, however, neither the development of medical geography in general, nor its techniques of cartographic representation in particular, have yet received systematic investigation. For this reason, Nicolaas A. Rupke's edited volume, consisting of essays presented at the symposium 'Medical Geography in Historical Perspective ' at the Georg-August-Universitä t Gö ttingen (13-15 June 1996) , constitutes a welcome contribution to this expanding specialist literature, and provides an excellent introduction to current work on the subject.
Structurally, the book is divided into five sections. In her general introduction, Conevery Bolton Valenčius provides an invaluable survey of the history and historiography of medical geography, deftly analysing its overlapping affinities and ancestors. From the revival of Hippocratic medicine under Thomas Sydenham and his followers in the seventeenth century, she demonstrates how the nexus of health and environment has undergirded various projects of professional legitimization, resource exploitation, environmental management, technological implementation and colonial expansion. By the early twentieth century, however, laboratory medicine and rising specialization undermined medical geography's previous 'big science ' status, recasting the field into a social science focused upon disease ecology and health-care delivery. Throughout, as Valenčius argues, medical geography evolved under disparate national contexts, and she calls for future research that encompasses a 'from-below ' approach, one that considers migration, travel, occupational health, interior environments and therapeutic spaces such as spas and resorts.
Following this initial overview, Part II then examines medical geography within specific national contexts. Here, a major theme remains the connection between medical geography and colonial expansion. Edward Said's Orientalism (London, 1979) and Culture and Imperialism (London, 1993) constitute contested points of departure. Michael Osborne's and Mark Harrison's suggestive essays explore relations between topographical enquiry, military medicine and political-institutional developments ; they caution, above all, that conflicting disciplinary, rhetorical and political issues undermined the hegemonic aspirations of colonial practitioners. In particular, as Harrison concludes, medical historians must highlight the ambivalence of colonial discourse and 'the pervading sense of insecurity ' that dominated European experiences in the tropics (p. 68). In a different vein, Annemarie de Knecht-van Eekelen demonstrates how Dutch attitudes towards acclimatization in the East Indies varied according to state settlement demands. Additionally, Rupke and Frank A. Barret explore Adolf Mü hry's and August Hirsch's contributions to Humboldtian medical geography and geographical medicine proper.
By contrast, Part III examines local manifestations of environment and settlement in colonial medical practice. Valenčius's thoughtprovoking essay on United States frontier establishments in Arkansas and Missouri between 1800 and 1860 shows how ordinary Americans viewed connections between health and space. Environment could transform corporeal qualities, settlers believed, but cultivation would bring civilization and ultimately assure climatic change. Warwick Anderson traces the shift from 'medical geography' to 'medical government', demonstrating that medicine provided a 'vocabularyformoderncitizenship 'in'tropical ' Australia (p. 148). In this case, laboratory medicine facilitated colonial expansion, creating a relentlessly sanitary space for what was believed to be an increasingly immune white race.
The final sections detail specific contributions in cartographic representation. As Rupke and Karen E. Wonders reveal, medical cartography solidified existing cultural associations between place and disease, thereby legitimizing medical views of environmental determinism. Rainer Brö mer's essay on Freidrich Schnurrer's plotting of human disease demonstrates a similar preoccupation with localizing nosological speculation. Yet even with the 'scientific calibre' of Humboldtian mapping, Rupke and Wonders insist, medical cartography remained 'crudely Eurocentric ' (p. 172) and harboured a discreet ideological agenda -throughout, the temperate zones of Europe remained bestsuited for health and civilization. Finally, Jane R. Camerini's suggestive essay rejects the blanket term 'Humboldtian science ' to describe all facets of nineteenth-century medical geography. In this case, Heinrich Berghaus's geography of human disease (completed in 1848) mirrored a broader preoccupation with mapping found in all sciences, and the expression of biological and resource distributions, Camerini notes, remains 'fundamental to thematic mapping ' (p. 190) .
As in any collection such as this, the essays can diverge broadly according to emphasis and context. Yet throughout, the contributors maintain excellent focus and prove complementary in analysis; particularly helpful are the epilogues provided by Anne Butimer and Ronald Numbers, which effectively weave together the overlapping themes of ' tropics' and colonialism, Humboldtian science, social constructivism, and questions of medical power and authority. Overall, this book provides an excellent historical introduction to the practice of medical geography, and lays fundamental groundwork for future, more detailed, studies. Phineas Gage (1823-60) will be a familiar figure to anyone who has ploughed through introductory psychology textbooks or popular essays on cerebral localization. A New England railway foreman, he remained an unlikely candidate for scientific immortalization until one fateful day in September 1848, when a tamping iron was shot through his head, entering just under his left eye and exiting via the top of the skull after passing through the left lobe of the forebrain. Gage's initial composure following his injury and his subsequent survival was itself remarkable and attracted frequent (although brief) comments in the contemporary press. However, it was the nature of his injury and its use in neuropsychological argument that guaranteed his subsequent fame. Surviving for another twelve years after his accident, Gage had apparently pursued an itinerant lifestyle, working as a coach driver in Chile and a farmhand on the West Coast of the United States. His change of career was mapped onto hearsay accounts of an apparent change in personality and both were related back to his traumatic injury. Apparently transformed from a steady conscientious foreman to a feckless itinerant labourer, Gage became a living embodiment of the argument for neurological basis of personality and its cerebral localization.
It is the transformation of Gage from ordinary foreman to neuropsychological exemplar which provides the structure and focus for Macmillan's book. Over the course of four hundred pages of argument and a hundred pages of appendices, Macmillan provides an absolutely exhaustive interrogation of the historical bases of Gage's story, his treatment and its subsequent scientific reconstructions. As a piece of historical detective work, it demonstrates a scholarly commitment which borders on the obsessional. Family histories for Gage and his physician, John Martyn Harlow, are traced back to the seventeenth century. The progress and working conditions on the Rutland and Burlington Railroad are detailed alongside the carriages used on Santiago to Valpraisio Coach lines. The rationale of nineteenth-century anti-phlogistic therapy is reconstructed as well as the long history of cerebral anatomy dating back to Hippocrates. Occasionally it is difficult fully to understand the logic behind Macmillan's generously inclusive strategy. In the final chapter, the Civil War career of Private Arthur Lovejoy is recounted in some detail and the sole reason for including this information seems to be that he was also examined by John Martyn Harlow -albeit fourteen years later.
Despite the daunting amount of detail included in this book, the narrative is leavened by Macmillan's lightness of touch and his genuine enthusiasm for the subject. Moreover, the level of detail granted to the social and scientific context has an oddly rhetorical effect as it serves to emphasize (by way of contrast) just how little is known about Gage himself, his injury or the subsequent personality changes he is assumed to have suffered. As Macmillan makes clear, the Gage who appears in contemporary psychology textbooks is simply a compound creature, accreted from phrenological theories, later cases of head injury (such as Brickner's Joe A.), psychosurgical ideas and physiological models of inhibition.
It is this tension between the paucity of actual materials on Gage and the weight of neuropsychological argument attached to him that provides the enduring interest of Macmillan's investigation. He suggests that we have only one truly credible account of Gage's injuries (the case history published by Harlow in 1848) and that even this was probably mediated through the author's enthusiasm for phrenology. Later accounts, culminating in Hanna Damasio's attempt to create a 3D computer model of Gage's injured brain using x-rays and measurements from the partially healed skull are shown to rest on a-priori assumptions regarding the internal position and the actual location of the exit wound.
Although Macmillan is keen to distance himself from social constructionist arguments and makes extensive claims for a realist epistemology, it is difficult to see how his method conflicts with those employed by radical sociologists of knowledge. Although his avowed realismmayserve arhetorical purposein demonstrating the insecure bases of contemporary neuroscientific claims regarding Gage, it also has the effect of closing down some of the more interesting aspects of his case. Certainly it would have been useful to have had some consideration of possible social factors behind Gage's apparent change in character. As a brain-injured worker with late-onset epilepsy it is entirely possible that Gage's personality change was brought about by his difficulties in securing worthwhile employment. Moreover, once unemployment forced Gage away from the family and community that sustained his old identity then further character changes were only to be expected. It is the difficulty of disentangling the social and the neurological which makes Macmillan's account of Gage's case so entertaining. Although it may seem odd to devote five hundred pages to an almost unusable case history, it could be argued that neuropsychology's loss is the history of science's gain. If Gage cannot provide reliable evidence for proponents of functional localization, he does at least provide a stunning example of the ideological uses of case histories and their mythological reconstruction.
RHODRI HAYWARD University of East Anglia Milestones did not ignore events elsewhere. New Zealand is Different arose from a similar desire to highlight the contributions made by applied chemistry, but within a distinctive New Zealand context. Instead of chapters on broad themes, the editors solicited short essays on specific developments from authors who had personal experience of these developments. They took great care to ensure that the text would be comprehensible to the general reader, placing the technical details within boxes. The title essay, 'New Zealand is different ', by John Pollard, highlights the unusual character of New Zealand and its isolation from the rest of the world. The remaining twenty-five thematic essays cover a broad range of topics from fires in wool cargoes, cheese-making and the lactose industry to steel-making, superphosphates and pharmaceuticals. I found four essays particularly interesting. David Fenby provides an excellent summary of the development of the MacArthur-Forrest gold-refining process. Plant-based chemicals are becoming increasingly important as governments begin to demand the production of chemicals from renewable sources, but Lester Stonyer shows how the New Zealand turpentine industry was ultimately a failure, despite ample sources of timber, partly because of New Zealand's remoteness. Remoteness is also a key theme in the good overview of the Maui gas project, by Linda Parker, David Biddy and Neil Milestone, which gives many interesting details of modern synfuels production, but it is far too brief for so complex a subject. As a historian of chemical instrumentation, I also found Owen Clinton's ' Eric Allan and atomic absorption spectroscopy ' useful. Clinton shows how the lack of trace elements in New Zealand soils spurred the development of atomic absorption spectroscopy, a context that I had not found in the standard American and British histories of this important analytical technique.
These essays provide hard-to-find information for historians of science, but sadly they are all too brief and they lack documentation apart from the key scientific papers (with the exception of the essay by Fenby, the only historian of chemistry in this volume). In my view it would have been better if the editors had decided to cover ten topics in depth rather than aiming at so wide a range. However, it is uncertain that many of the authors would have been able to provide a richer historical analysis even if they had been given more space. Although the editors have been successful in their attempts to make the main text accessible to a general audience, it is unlikely that many nonchemists would have the interest or stamina to read nearly three hundred pages on the history of applied chemistry in New Zealand. Nonetheless, New Zealand is Different will be of great interest to Antipodean chemists and will be an excellent source text for school projects in New Zealand and in Britain. This inexpensive paperback is a member of the 'Revolutions in Science ' series edited by Jon Turney for Icon Books. These are short works intended for a general readership. Jon Agar is one of the most engaging writers in the history of science and this book is outstandingly readable and accessible.
PETER MORRIS
Despite its short length and easy style, Turing and the Universal Machine contains some powerful insights and an original perspective on the development of computing. The reader's interest is sustained by the biographical strand of Alan Turing, the brilliant British mathematician, code-breaker, computer designer and gay icon who died by suicide in 1954 following a conviction for homosexual behaviour. The book is, however, more than a life of Alan Turing, and is a fairly detailed scientific history of the computer. The story starts with Charles Babbage and ends with the explosion in computing resulting from the Cold War. The book is distinctly British in its perspective, without being parochial, and provides a refreshing change to the usual US-centric histories of computing.
There is a central dilemma for biographers of Alan Turing about how much he actually influenced the development of computing. Posing the counterfactual 'would the computer have developed more slowly or much differently had Turing not lived ? ', most computer historians (except some in Britain) believe not, and for this reason he does not feature significantly in most histories of computing ; where he does, authors often misunderstand his role. In this regard, Turing can be seen as somewhat like Babbagea monumental figure that has profoundly affected our historical perspective on computing, but had relatively little influence on its practical development. While Agar is a mathematician (and his mathematical perspective shows through) he seems to have got the balance just about right with the three central episodes of Turing's intellectual life. First, the theoretical mathematical construct of the universal Turing machine and its historical context is brilliantly explained, and if the technical description is heavy going for the general reader it will be perfect for the average sixth-former. Second, Turing's achievements in code-breaking at Bletchley Park are correctly understood : Turing designed mechanical computers but not electronic ones, and the significance for him was that he emerged from the war with the knowledge that it was possible to construct large assemblies of electronic tubes for computing machinery. The third major episode of Turing's life came after the war, when he combined his theoretical knowledge of computing and the new electronics in the design of the ACE computer. The ACE was hugely influential in Britain, but had little impact in the United States, where post-war computing followed a trajectory little influenced by international developments. Towards the end of his life Turing became fascinated by the mind and brain science, and devised the ' Turing test ' for machine intelligence -a slight idea compared with the Turing machine, but at least as famous. Perhaps the one area where Agar can be criticized is that he has not fully captured the one area where Turing has had an enduring, universal influence : in the development of theoretical computer science, a subject that took off in the 1960s, long after his death, but in which the universal Turing machine has a significance comparable with Heisenberg's uncertainty principle in physics. This cavil apart, Agar's book can be strongly recommended as a reliable and highly readable history of one of the most significant scientific revolutions of the twentieth century.
MARTIN Berlin, 1992) . Russell 'played neither cards nor billiards, did not smoke, chew, or dance, was never summoned before the faculty, sent home, or '' conditioned '', and professed no knowledge of beer. He occupied one room, had no idea what college expenses were … and corresponded with one girl ' (p. 36). Russell's turn-of-thecentury dissertation was on perturbations in the major axis of the small asteroid Eros caused by Mars. The ribald potential of erotic wobbles or Martian attractions greatly embarrassed the straight-laced Russell, but it also remains unexploited by his respectful biographer.
In 1913 Russell published the results that would bring him fame. He had begun in 1903 a programme of measuring stellar parallaxes from photographs, in collaboration with the Cambridge astronomer Arthur Hinks. By 1910, enough results had accumulated for Russell to plot graphs of the relationship between spectral type and absolute magnitude of stars. He found a correlation : apart from highly luminous red stars (such as Antares, or Aldebaran), most of the stars lay on a line -the main sequencewith small faint dwarf stars clustered at the foot of the graph. Russell's bold claim was that the line should be read as a path of evolution. However, a rival, the relatively obscure Danish astronomer Ejnar Hertzsprung, had already drawn similar graphs -and in fact had published one in the Astronomische Nachrichten at a time when Russell had 'only verbally '' plotted'' spectra against absolute magnitude ' in lectures (p. 112). Although the diagram was subsequently known as the Hertzsprung-Russell (or H-R) diagram, DeVorkin makes clear that the diagram meant different things to the two astronomers : 'Hertzsprung wanted to demonstrate cluster membership [of the Pleiades, for example] through physical affinity and used the plot as a visual filter. Russell, on the other hand, wanted to make his arguments as general as possible ' (p. 112) . The title of the diagram was controversial, with American astronomers preferring the 'Russell diagram', while their continental European colleagues insisted on the presence of the Dane's name. (English astronomers, such as Edward Arthur Milne and Arthur Stanley Eddington, sympathized with the Americans, but also kept an ironic distance, referring to the 'giant and dwarf theory of Hertzsprung and Russell ' (p. 328).)
In the 1920s and 1930s the theory of stellar structure and evolution was transformed according to the perspectives of quantum theory. In 1924 Arthur Eddington presented an argument for understanding the relationship of stellar mass to luminosity. Russell himself predicted the abundances of elements in stars on the basis of the new theory, but also found his earlier interpretation of his diagram under attack by younger astrophysicists for whom the quantum theory was central. Russell turned increasingly to institution-building, securing for Princeton a key location in twentiethcentury American astronomy.
JON AGAR University College London ROBERT BUD and PHILIP GUMMETT (eds.), Cold War, Hot Science : Applied Research in Britain's Defence Laboratories 1945 -1990 Historians are increasingly turning their gaze towards the impact of the Cold War in terms broader than the geopolitical. The perspective provided by hindsight, the availability of new archival materials, and of course witness testimony have opened up new opportunities. Histories of the economic, scientific and technological impact of the Cold War are emerging. In many ways these histories should be interrelated. Beyond the general economic impact in terms of costs, for example, there are questions concerning the impact of a concentration of resources in the military, or military-related, sectors. Questions include issues of crowding out, the effects of the government direction of research, real or imagined spin-offs and the functioning of networks. Larger issues also need to be addressed, like the periodization and dynamics of relative economic failure (particularly of the British economy), and the degree to which research priorities were determined by ideas of prestige and status or by interestablishment rivalry for budgets.
This book provides an intriguing insight into some of these issues. The collection traces the history of the key technologies developed at the research establishments which were eventually brought together under the aegis of the Defence Research Evaluation Agency (DERA) in 1995. The introduction by Bud and Gummett sets the scene, providing a useful survey of the ' ''dark matter '' of postwar science ' in Britain, with an overview of the history of the research establishments and the geopolitical context in which they came to prominence. The post-war period in Britain is depicted as one of changing imperial and strategic targets and constraints. Increasingly ambitious projects emerged and cancellations intruded. Technological alliances were forged as Britain adjusted, or failed to adjust, to a subsidiary role in the emerging Cold War balance of power. Blue Streak, TSR2, Concorde and many more have become household names, deeply symbolic of the myth of modern Britain with speed, space and imperial decline inextricably bound up. The Introduction skips over the difficult relationships between military and civil science and technology, focusing instead on the cultures which pervade the research establishments. The authors also make the important point that many of the technologies developed were interdependent and overlapping. Radar, for example, fostered and relied upon developments in many different fields of science and technology.
Aviation is the signal symbolic technology at the heart of British post-war technological ambitions. Andrew Nahum's chapter charts the work of the Royal Aircraft Establishment and highlights one of the key themes of the book : the relationship between the services and the establishments, with the resulting influences and compromises. This chapter is also very good on the link between speculative visions of the likely shape of war and the attempt, characteristic of post-war defence research, to leapfrog to the next generation of technology. Concentrating on the Lightning and V-bomber programme, rather than the better-known story of the TSR2, Nahum evokes strongly the complex relationship and shifting balance between networks, alliances, technologies and changing strategic perceptions. Matthew Uttley's complementary chapter on rotary wing aircraft makes the point that too many projects were attempted, frustrating a concentrated effort on a proven technology. This problem could be found elsewhere in British post-war R&D, most notably in the development of nuclear power. Uttley also raises the issue of interservice rivalry, and the role of the services in pushing for US technology. There were compromises between the national technological capability and possible civil spin-off on one hand, and the desire for cost-effective and proven military technology on the other. Stephen Twigge's contribution on the development of anti-ballistic missiles also points to the eventual dependency on the greater resources of the USA. He charts the creation of the Bloodhound missile against the rapidly unfolding technological escalation of rocketry and nuclear weapons. Twigge also raises the central issue of cost control, confirming that the research establishments tended to give this a low priority.
In subsequent chapters Richard Ogorkiewicz provides a comprehensive overview of tank development and Tom Wright details aircraft carrier and submarine development, particularly in terms of detection technologies. Wright's chapter posits an interesting case for the cross-disciplinary fertilization developing within research establishments. The chapter also gives a useful reprise of failed technologies, like rubber decking for carriers. Much defence technology takes the human body to limits of endurance, involves hostile environments or calls for enhanced human-machine interaction. Ernsting treats these neglected topics in a wide-ranging study of research into defence physiology.
One of the strengths of the collection lies in its commissioning of chapters from practitioners. A good example of this is Ernest Putley's contribution on the history of thermal radiation detection. Putley pioneered some of the most important work on infrared detection at the then Royal Radar Establishment and he gives an authoritative account of the key stages in the development of this technology. Jon Agar and Jeff Hughes discuss the history of radar. In a shift towards the sociology of science, their chapter is topped and tailed with a confrontation with Paul Edwards ' closed world' thesis. The authors posit an 'open world' of interestablishment communication and synergy between establishments and users. This line is not altogether convincing, and perhaps reflects the book's tendency to promote a triumphalist line. Agar and Hughes do convey the complexity and networked nature of the technology under study, as does Richard Mills in his comprehensive survey of laser development. Eric Grove's account of naval command-and-control equipment raises an important point, perhaps not emphasized elsewhere. Path-breaking technologies (in this case control systems and the first version of a computer ' mouse ') were developed by the research establishment staff, but not patented or commercially exploited. The connection between scientist, R&D and entrepreneurial activity is clearly stronger in the USA, though this contrast remains largely unexplored by the contributions here.
A major factor determining the activities of the research establishments and limiting the extent to which their history can be accurately written is that of secrecy. This is clearly demonstrated in Gradon Carter and Brian Balmer's chapter on chemical and biological warfare, which though candid in its approach gives the impression that much more data is still to be released on this, the most emotive of military-related science. Throughout the Second World War and after, Britain continued to develop, produce and stockpile chemical and biological weapons, only latterly turning towards an emphasis on R&D and simulation.
The collection concludes with chapters by Graham Spinardi and Stephen Robinson covering the generic debate about spin-off and the general picture on government management of defence research respectively. These provide a balanced and extremely useful overview of the place of the research establishments in the development of British post-war science and technology.
Overall this is a fascinating and timely book. It begins to fill a gap in our understanding of the history of the Cold War beyond the high politics. There are criticisms in terms of objectivity and comprehensive coverage, but these are greatly outweighed by the book's detailed, insightful and valuable accounts of individual establishments and groups of technologies.
RICHARD COOPEY University of Wales, Aberystwyth
